Background: Mental health outcomes vary widely among high-income countries, although mental health problems represent an increasing proportion of the burden of disease for all countries. This has led to increased demand for healthcare services, but mental health outcomes may also be particularly sensitive to the availability of social services. This paper examines the variation in the absolute and relative amounts that high-income countries spend on healthcare and social services to determine whether increased expenditure on social services relative to healthcare expenditure might be associated with better mental health outcomes. Methods: This paper estimates the association between patterns of government spending and population mental health, as measured by the death rate resulting from mental and behavioural disorders, across member countries of the Organisation for Economic Cooperation and Development (OECD). We use countrylevel repeated measures multivariable modelling for the period from 1995 to 2016 with region and time effects, adjusted for total spending and demographic and economic characteristics. Healthcare spending includes all curative services, long-term care, ancillary services, medical goods, preventative care and administration whilst social spending consists of all transfer payments made to individuals and families as part of the welfare state. Results: We find that a higher ratio of social to healthcare expenditure is associated with significantly better mental health outcomes for OECD populations, as measured by the death rate resulting from mental and behavioural disorders. We also find that there is no statistically significant association between healthcare spending and population mental health when we do not control for social spending. Conclusion: This study suggests that OECD countries can have a significant impact on population mental health by investing a greater proportion of total expenditure in social services.
Background
All member countries of the Organisation for Economic Cooperation and Development (OECD) have experienced increases in the real cost of healthcare over the last 20 years. The average OECD country has seen healthcare costs increase by more than 2% of gross domestic product (GDP) since 1990, compared to a rise of 0.4% between 1980 and 1990 [1] . Globally, there has been a substantial decline in the overall death rate due to advances in medical treatment for all major physical health problems including cancer, cardiovascular diseases and strokes [2] .
Despite this, there has been a rapid increase in the death rate due to mental and behavioural disorders, with the OECD average more than tripling between 1980 and 2015 ( Table 1) .
As a result, mental health is making up an increasingly large proportion of the burden of disease. 28 of the 36 OECD countries have seen an increase in mental health deaths between 1995 and 2015, with the UK experiencing the highest increase from 18.2 to 67 deaths per 100,000 population. Numerous country-specific studies support these claims, showing that more recent cohorts have more mental health problems in the US [3] , the UK [4] , Belgium [5] , Italy [6] and Sweden [7] . As a result, mental health problems are now the third greatest health burden in upper-middle and high-income countries [8] and a conservative calculation would make them the fifth highest global contributor to disability adjusted life years [9] .
There is a wide variation in the number of deaths caused by mental and behavioural disorders among OECD countries. Before 1985, the furthest outlier every year is Israel, possibly because of conflict in the Middle East and trauma due to memory of the Holocaust [10] . After 1986, Finland is the only outlier, due to recording a far higher proportion of deaths from dementia than any other country. Despite the variation, there is a clear upward trend suggesting that mental health will continue to become a more pressing public health issue. Health policies and the allocation of government expenditure need to address the growing burden of mental illness.
The social determinants of health have a particularly great effect on the number and severity of mental health disorders, and social spending more directly addresses the social determinants of health than does spending on healthcare [11] .
However, mean spending on social services across the OECD has risen from 16.5% of GDP to 20.5% since 1990, an increase of 24%, whilst spending on healthcare has increased from 6.5% to 8.8% of GDP, an increase of 35%. Different countries, however, have spent proportionately more than the average on healthcare spending, while others have prioritized social services. This creates an opportunity to determine whether different national priorities with respect to health and social spending are associated with differences in the mortality rates associated with mental health disorders.
Recent studies in the US [12] , Canada [13] and across the OECD [14] suggest that increased social spending relative to health spending is associated with better outcomes across a variety of population health measures. However, no study has focussed on the relative contributions of health and social spending to death associated with mental health outcomes. We hypothesise that a higher ratio of expenditure on social services to direct healthcare spending will be associated with better mental health outcomes.
Methods

Study design
We conducted a cross-section and time-series study of panel data from the 36 OECD countries for a period of 22 years from 1995 and 2016. The data for this analysis was gathered from the publicly available time series data from OECD.stat [15] . This period was chosen as it was the most recent 22-year period for which complete and reliable country-level longitudinal data has been published by the OECD on the healthcare expenditure, social expenditure and the health outcomes of interest. Using these, it is possible to make comparisons across countries and across years. With some countries missing some data for particular years, 603 observations out of a possible 792 were recorded, which is a completeness rate of 76%. It appears that the missing data is random.
The Health Research Ethics Board at the University of Manitoba deemed this study exempt from ethics review as it is a secondary analysis of publicly available data.
Dependent variables
The dependent variable is a systematically defined crude mortality rate per 100,000 due to "mental and behavioural disorders", including substance abuse and alcoholism. Using this broad range will give a rounded view of a population mental health and provide more thorough understanding of the effects of changing government spending patterns [16] . The World Health Organization (WHO) maintains the International Classification of Diseases (ICD), which is the foundation for the identification of health trends and statistics globally. ICD systematically defines the universe of diseases, disorders and conditions. Since 1967, member states of the WHO have reported mortality and morbidity statistics using the latest revision of the ICD so that international comparisons are feasible. The system is periodically revised to reflect changes in health-related knowledge, and when the system is revised, WHO member states perform a "bridge-coding" exercise in which deaths are dual coded according to both the outgoing and incoming revisions. In this way, comparability ratios can be calculated for each cause. ICD-10, the 10 th revision of the system, was introduced in 1990 and chapter v deals specifically with "Mental and Behavioural Disorders", coded as F00 to F99, which are defined as psychiatric conditions expressed primarily as abnormalities of thought, feeling, and behaviour that produce distress or impair function. High-level classifications of mental and behavioural disorders are identified in Table 2 .
The dependent variable is defined as the crude mortality rate per 100,000 due to mental and behavioural disorders, as defined by ICD-10, F00 -F99.
Independent variables
We used three variables to capture different aspects of social and healthcare spendingsocial expenditure as a proportion of GDP, healthcare expenditure as a proportion of GDP and the ratio or social to healthcare expenditure. Each was measured in US dollars (USD) at constant prices and constant Purchasing Power Parity (PPP) (reference year: 2010) to control for variations in the exchange rate and inflation between countries over the period.
Social expenditure as a proportion of GDP was extracted from the 'Social Expenditure -Aggregated Data' table of OECD.stat, which draws from the OECD Social Expenditure Database (SOCX) [17] .
Social spending encompasses all universal and meanstested transfers from the government to the population. This includes old age benefits, survivors' benefits, incapacity benefits, family benefits, unemployment benefits, in-work welfare payments and housing subsidies. Some of these are cash transfers and others are subsidies, such as subsidised social housing, or benefits-in-kind, such as incapacity rehabilitation services. It does not include expenditure such as education, law enforcement, public transportation etc which may come under a broader definition of 'social spending'.
Healthcare expenditure as a proportion of GDP includes provision of all curative services, long-term care, ancillary services, medical goods, preventative care and administration. This was extracted from the 'Heath Expenditure and Financing' table in OECD.stat. This utilises the Joint Health Accounts Questionnaires, which bring together data from the OECD, WHO and the European Statistical Office (EUROSTAT).
The ratio of social spending to healthcare spending has been calculated using these.
Our models also control for a number of independent variables, based on both the review of the literature and the availability of data from OECD databases. Demographic differences were accounted for by controlling for the gender and age distributions in each country. Gender was accounted for using the female to male ratio and age uses the proportion of the population in each of five age groups (0-14, 15-29, 30-44, 45-64 and 65+). Wealth disparities between countries were controlled for by using GDP per capita (2010 constant prices and constant PPPs, US dollars), which was transformed into log GDP per capita to allow for more efficient estimates. The unemployment rate was included to control for a commonly perceived external contributor to mental health problems [18] . Finally, year and country variables were included to control the influence of aggregate (time series) trends over 21-year time period and variations across 36 OECD member countries on outcome measures of interest.
Statistical analysis
We estimated 6 different models using the linear random effects model, each of which considers healthcare and social expenditure variables in slightly different ways. We anticipated two statistical issues to challenge our estimatescollinearity between social and health spending, and a complex relationship between healthcare spending and the dependent variable. The first problem could occur because there is a strong correlation between the levels of healthcare and social spending in any country, which might lead to inefficient estimates and statistically insignificant results. The second problem could occur because the level of healthcare spending both determines and responds to levels of morbidity and mortality in any country. On the one hand, increased healthcare expenditure might be associated with lower mortality rates, but higher mortality rates might call forth additional healthcare spending. Our six models attempt to clarify the effects of healthcare and social spending on mortality rates in the wake of these statistical issues.
While we used economic theory to choose the variables to be included in our models, the most efficient estimation technique is largely determined by the characteristics of the data itself. We have 22 years of data over 36 countries. We would expect data in any one country to follow patterns specific to that country, which may be more or less distinct from other countries. Similarly, global effects such as recessions will affect all countries in any one year, but will not necessarily have identical effects in each country. Therefore, we want to use an estimation technique that allows for these kinds of differences, but at the same time to use a model that generates the most efficient estimates for our data. Two statistical tests allow us to confirm that the random effects model optimizes the trade-off between efficiency and flexibilitythe Hausman test and Akaike Information Criterion estimation (Akaike test).
All statistical analyses were conducted using STATA statistical software version 15.0. For each regression model, a goodness of fit test was conducted to determine how well the model fit the selected data.
Results
We estimated six models to achieve a fuller understanding of the relationship between healthcare spending, social spending, the ratio of these two types of expenditure, and mental health outcomes ( Table 3 ). All models controlled for age, gender, log GDP per capita and the unemployment rate, and included country effects and year effects. In each case, we used p<.05 to determine significance.
Model 1 omits social spending and includes only healthcare spending. Our results demonstrate no statistically significant relationship between the level of healthcare spending and death rates for mental and behavioural disorders when the level of social expenditure is not controlled for.
Model 2 considers only social spending and omits healthcare spending. Results indicate that higher social spending is strongly associated with a reduction in the death rate, even without controlling for the level of healthcare spending.
Model 3 is the complete model, in which both healthcare spending and the ratio of social to healthcare spending are included. Results demonstrate a significant association between higher levels of health spending and lower crude death rates from mental and behavioural disorders, but also that there is a significant association between a higher ratio of social spending to healthcare spending and lower crude death rates from mental and behavioural disorders. Note that healthcare spending is measured as a proportion of GDP and therefore a one unit increase in healthcare spending would be equivalent to increasing healthcare spending by 1% of GDPfrom, for example, 8% to 9% of GDP. By contrast, a one-unit increase in the ratio of social spending to healthcare spending represents a very much smaller monetary amount. Therefore, directly comparing the size of the coefficients is misleading.
Model 4 includes both healthcare spending as a proportion of GDP and social spending as a proportion of GDP independently, and excludes the ratio between the two. In this case, both healthcare and social spending are statistically significant (p<.05), yet increased healthcare spending is associated with higher death rates due to mental and behavioural issues, while higher social spending is associated with lower death rates.
Model 5 includes social expenditure as a proportion of GDP and the ratio of social to health expenditure. The latter variable is not significant, while the first is significant and shows that higher social spending is associated with lower death rates.
Finally, model 6 includes all three financial variablessocial expenditure as a proportion of GDP, health expenditure as a proportion of GDP and the ratio of social to health expenditure. All three variables are statistically significant (p<.05) although only higher social expenditure is associated with a reduction in the crude death rate. Both increased healthcare spending and a higher ratio of social to health expenditure are associated with significant increases in the crude death rate, contrary to expectation. We expected both healthcare and social expenditure to be negatively associated with mental health mortality rates, but we anticipated that statistical challenges would make it difficult to estimate their relative effects in a straightforward way.
When healthcare spending alone is considered, it is not significantly associated with death rates due to mental and behavioural disorders. This is, in fact, the outcome we would expect if healthcare expenditure automatically responds, at least in part, to increased morbidity and mortality. The direction of the association is ambiguous. By contrast, there is a strong negative association between the level of social spending and mortality outcomes when healthcare spending is omitted, but a complete model should allow both healthcare and social spending to play a role.
We also expected there to be a strong correlation between healthcare expenditure and social expenditure, because countries that spend a lot on one also tend to be relatively generous spenders on the other. This collinearity makes it difficult to distinguish, statistically, between the effects of the two variables, leading to imprecise estimates and counter-intuitive signs as in models 4 and 6, both of which suggest that spending more on healthcare will be associated with increases in the mental health mortality rate.
As a consequence of these two statistical challenges, we substituted the ratio of social to health expenditure for the level of social expenditure in model 3, and for the level of healthcare expenditure in model 5. Both of these estimates confirm the importance of social spending, although model 5 allows no statistically significant role for healthcare spending or for the ratio of social to healthcare spending, in effect reverting to the incomplete model 2. For all these reasons, model 3 is the best estimate of the impact of healthcare and social expenditure on mental health mortality rates.
Finally, the Akaike and Hausmann tests confirmed our choice of random effects model.
Discussion
Previous research has demonstrated the importance of the social determinants of health and how social spending may be the most effective way for developed countries to improve health outcomes in measures as diverse as adult obesity, asthma, lung cancer, type 2 diabetes, infant mortality and life expectancy. 11 13 This article addresses the important area of mental health by measuring outcomes by crude mortality rates for "mental and behavioural disorders".The results of our models confirm our hypothesis.
We find that healthcare spending alone is not significantly associated with death rates due to mental and behavioural disorders, but that higher levels of social spending are significantly associated with better mental health in the population, as is a higher ratio of social spending to healthcare spending. We expected social determinants to be particularly relevant for mental health outcomes and our model supports this, demonstrating that higher social spending, when controlling for the level of healthcare spending per capita, is significantly associated with lower mortality rates. When allocating additional funding, a decision to allocate funding to social as opposed to healthcare spending would be expected to lead to improved population mental health.
Using mortality rates makes this conclusion and further expectations more robust as the analysis is able to largely mitigate the measurement problem of cultural differences between countries that might influence the way that less concrete measures of mental health are reported [19] . The level of stigma surrounding mental health problems varies between cultures which may lead to inconsistent levels of reporting as different proportions of individuals will refuse to disclose their mental health problems. This stigma is strong enough to prevent people seeking medical help as this admission of poor mental health evokes feelings of shame [20] . Using mortality figures is more likely to avoid these problems than other measurable variables because the cause of death tends to be a clearer variable to measure. It is true that the reporting of deaths due to mental health issues is by no means perfectstudies show consistent underreporting in deaths due to mental health too [21, 22] . Difficulties with classification and coding can add to this underreporting. However, despite these concerns, it is unlikely that errors in official reports of the cause of death would affect the statistics as much as widespread under-reporting from individuals trying to adhere to cultural norms. Therefore, the use of mortality rates and OECD classifications gives the best possible representation of the distribution of mental health deaths available to us. This analysis shows how the differences in the proportions of GDP per capita that countries allocate to social services and healthcare are significant in determining the mental health of their populations, adding to the growing body of literature examining the relationship between health outcomes and social expenditure. Hence, for OECD countries, increasing the ratio of social spending to healthcare spending may lead to better mental health outcomes than increasing healthcare spending alone. This means that population mental health could be improved as a deliberate side effect of a policy with a social aim, making such policies more politically appealinge.g. improving housing subsidies can simultaneously reduce homelessness and improve mental health. Given that the social determinants of mental health are so broad, it would seem that there is a lot of scope for welfare policies to reap this additional benefit.
The importance of mental health in developed nations has been recently brought to popular attention with the analysis of Anne Case and Angus Deaton concerning "deaths of despair" [23] . Their analysis suggests that the mortality rate for white, middle-aged Americans without college education is increasing, a trend that the authors suggest may be soon to emerge in other developed nations, including Britain, Ireland and Canada [24] . This trend is the result of the increase in "deaths of despair" (deaths due to suicide, drug poisoning and alcoholrelated liver failure) being greater than the reduction in mortality rates due to advances in medical science since the phenomena began in 1998. This despair, the authors claim, is brought about by the "cumulative disadvantage" suffered by the afflicted demographic who are materially worse off than their parents, suffer from declining wages and few job opportunities, have historically low levels of social capital, experience a high rate of relationship breakdowns and high parental instability [23] . The most effective way of improving the mental health of this vulnerable group may be to remove the reasons for their despair. This means engaging in additional social spending, rather than relying on additional healthcare spending alone to address the observed increase in mortality rates.
Limitations
There are some limitations to this analysis that should be noted. Firstly, our choice of outcome variable means that only mental health issues that are severe enough to result in fatalities are accounted for. The vast majority of mental health problems are not this severe, even though they may have a significant impact on an individual's quality of life. The WHO estimates that 450 million people worldwide live with a mental illness [25] , but mortality has been calculated at around 8 million per year [26] . Analysis of other measures of mental health, such as the prevalence of particular conditions, would be a possible future avenue to explore in this topic. Additionally, this paper uses the statistics for death from mental health according to the OECD, however, different measures dispute the classification of mental health deaths. The Emerald Policy Report argues that the distinctions between problems due to mental illness and problems resulting from neurological disorders, selfinjury, musculoskeletal disorders are not clear and that the contribution of mental illness to other causes of death is often underappreciated. Replicating this paper using other definitions of mental illness would lend further support.
Secondly, this analysis only uses OECD countries, meaning that these results should only be taken to apply to high-income countries. There may be a certain level of healthcare spending per capita that must be reached before the ratio of social to healthcare spending begins to favour social spending, but this is not something we have investigated here. Thirdly, this paper groups all welfare transfer payments under 'social spending' and this is a somewhat imprecise measure. Future analysis could investigate whether the effect noted is only due to certain transfers within that group, or whether other forms of social spending (e.g. education) could have an even greater effect.
Conclusion
The past 100 years have seen enormous strides made in improving the physical health of populations through innovations and investment in medical technology and healthcare facilities. However, the same cannot be said for mental health, which has increased its share of the global burden of disease. This is an indication that the approach that has been so successful for physical health does not translate into equally successful outcomes for mental health and that a different approach is necessary. Our results confirm this, finding that higher levels of social spending are more closely associated with lower levels of deaths from mental health problems than higher levels of healthcare spending. Indeed, other authors have shown that some physical health outcomes are now in the same position, suggesting that developed countries have reached the point where the diminishing returns to healthcare spending mean that policies aiming to improve population health are better off focussing their efforts on improving their social spending programs than funnelling more money directly into healthcare. We hope to have strengthened this argument with our findings.
